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microfabrication. Electrodes may be self supporting or may
be supported on another material, e.g. on films, plastic sheets,
adhesive films, paper, backings, meshes, felts, fibrous mate-
rials, gels, solids (e.g. metals, ceramics, glasses), elastomers,
liquids, tapes, adhesives, other electrodes, dielectric materi-
als and the like. The support, or substrate, may be rigid or
flexible, flat or deformed, transparent, translucent, opaque or
reflective. Preferably, the support comprises a flat sheet of
plastic such as acetate or polystyrene. Electrode materials
may be applied to a support by a variety of coating and
deposition processes known in the art such as painting, spray-
coating, screen-printing, ink-jet printing, laser printing, spin-
coating, evaporative coating, chemical vapor deposition, etc.
Supported electrodes may be patterned using photolitho-
graphic techniques (e.g., established techniques in the micro-
fabrication of electronics), by selective etching, and/or by
selective deposition (e.g., by evaporative or CVD processes
carried out through a mask). In a preferred embodiment,
electrodes are comprised of extruded films of conducting
carbon/polymer composites. In another preferred embodi-
ment, electrodes are comprised of a screen printed conducting
ink deposited on a substrate. Electrodes may be supported by
another conducting material. In some applications, screen
printed carbon ink electrodes are printed over a conducting
metal ink (e.g., silver ink) layer so as to improve the conduc-
tivity of the electrodes. Preferably, in assay cartridges, a min-
iaturized design allows the use of electrodes having short
printed electrode leads (preferably less than 1.5 cm, more
preferably less than 1.0 cm) that are relatively similar in
length. By keeping the leads short, it is possible to use screen
printed carbon electrodes without arm underlying conductive
metal layer such as a silver layer.

[0108] According to one preferred embodiment of the
invention, the electrode surface (preferably a working elec-
trode surface of an assay module or assay plate) is bounded by
a dielectric surface, the dielectric surface being raised or
lowered (preferably, raised) and/or of different hydrophobic-
ity (preferably, more hydrophobic) than the electrode surface.
Preferably, the dielectric boundary is higher, relative to the
electrode surface, by 0.5-100 micrometers, or more prefer-
ably by 2-30 micrometers, or most preferably by 8-12
micrometers. Even more preferably, the dielectric boundary
has a sharply defined edge (i.e., providing a steep boundary
wall and/or a sharp angle at the interface between the elec-
trode and the dielectric boundary).

[0109] Preferably, the first electrode surface has an advanc-
ing contact angle for water 10 degrees less than the dielectric
surface, preferably 15 degrees less, more preferably 20
degrees less, more preferably 30 degrees less, even more
preferably 40 degrees less, and most preferred 50 degrees
less. One advantage of having a dielectric surface that is
raised and/or more hydrophobic than the electrode surface is
in the reagent deposition process where the dielectric bound-
ary may be used to confine a reagent within the boundary of
the electrode surface. In particular, having a sharply defined
edge with a steep boundary wall and/or a sharp angle at the
interface between the electrode and dielectric boundary is
especially useful for “pinning” drops of solution and confin-
ing them to the electrode surface. In an especially preferred
embodiment of the invention, the dielectric boundary is
formed by printing a patterned dielectric ink on and/or around
the electrode, the pattern designed so as to expose one or more
assay domains on the electrode.
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[0110] Electrodes may be modified by chemical or
mechanical treatment to improve the immobilization of
reagents. The surface may be treated to introduce functional
groups for immobilization of reagents or to enhance its
adsorptive properties. Surface treatment may also be used to
influence properties of the electrode surface, e.g., the spread-
ing of water on the surface or the kinetics of electrochemical
processes at the surface of the electrode. Techniques that may
be used include exposure to electromagnetic radiation, ion-
izing radiation, plasmas or chemical reagents such as oxidiz-
ing agents, electrophiles, nucleophiles, reducing agents,
strong acids, strong bases and/or combinations thereof. Treat-
ments that etch one or more components of the electrodes
may be particularly beneficial by increasing the roughness
and therefore the surface area of the electrodes. In the case of
composite electrodes having conductive particles or fibers
(e.g., carbon particles or fibrils) in a polymeric matrix or
binder, selective etching of the polymer may be used to
expose the conductive particles or fibers.

[0111] One particularly useful embodiment is the modifi-
cation of the electrode, and more broadly a material incorpo-
rated into the present invention by treatment with a plasma,
specifically a low temperature plasma, also termed glow-
discharge. The treatment is carried out in order to alter the
surface characteristics of the electrode, which come in con-
tact with the plasma during treatment. Plasma treatment may
change, for example, the physical properties, chemical com-
position, or surface-chemical properties of the electrode.
These changes may, for example, aid in the immobilization of
reagents, reduce contaminants, improve adhesion to other
materials, alter the wettability of the surface, facilitate depo-
sition of materials, create patterns, and/or improve unifor-
mity. Examples of useful plasmas include oxygen, nitrogen,
argon, ammonia, hydrogen, fluorocarbons, water and combi-
nations thereof. Oxygen plasmas are especially preferred for
exposing carbon particles in carbon-polymer composite
materials. Oxygen plasmas may also be used to introduce
carboxylic acids or other oxidized carbon functionality into
carbon or organic materials (these may be activated, e.g., as
active esters or acyl chlorides) so as to allow for the coupling
of reagents. Similarly, ammonia-containing plasmas may be
used to introduce amino groups for use in coupling to assay
reagents.

[0112] Treatment of electrode surfaces may be advanta-
geous so as to improve or facilitate immobilization, change
the wetting properties of the electrode, increase surface area,
increase the binding capacity for the immobilization of
reagents (e.g., lipid, protein or lipid/protein layers) or the
binding of analytes, and/or alter the kinetics of electrochemi-
cal reactions at the electrode. In some applications, however,
it may be preferable to use untreated electrodes. For example,
we have found that it is advantageous to etch carbon ink
electrodes prior to immobilization when the application calls
for a large dynamic range and therefore a high binding capac-
ity per area of electrode. We have discovered that oxidative
etching (e.g., by oxygen plasma) has additional advantages in
that the potential for oxidation of tripropyl amine (TPA) and
the contact angle for water are both reduced relative to the
unetched ink. The low contact angle for water allows reagents
to be adsorbed on the electrode by application of the reagents
in a small volume of aqueous buffer and allowing the small
volume to spread evenly over the electrode surface. Surpris-
ingly, we have found that excellent assays may also be carried
out on unetched carbon ink electrodes despite the presence of
polymeric binders in the ink. In fact, in some applications
requiring high sensitivity or low-non specific binding it is
preferred to use unetched carbon ink electrodes so as to mini-
mize the surface area of exposed carbon and therefore mini-



